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The present study investigated the association between single nucleotide polymorphisms (SNPs) in leptin gene with 
various economic traits (body weight at different age, first lactation reproduction and production traits) in Sahiwal cows. 
In order to detect genetic variants in intron 2 (422 bp), exon 2 (94 bp) and two regions of exon 3 (331 and 317 bp) of leptin, 
polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) method was used and revealed two 
transitions at positions T93262901C of intron 2 and C93263979T of exon 3. General linear model (GLM) analysis revealed 
significant association of T93262901C SNP with weight at first service (WFS), weight at first calving (WFC), first service 
period (FSP), first calving interval (FCI) and FL305DMY while SNP C93263979T was found to be significantly associated 
with birth weight (wt), 30 months wt, AFS and AFC. The investigation indicated that heterozygous genotype had a trend for 
better production with optimum growth and reproduction as compared to homozygote. The present study supports that SNP 
in leptin gene can be used as an aid to selection for improving different economic traits in Sahiwal cows. 
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Introduction 
In recent days, the importance of fertility and milk 
production traits has spectacularly increased in dairy 
cattle. The profitability of modern cattle enterprise is 
determined by sustainable and efficient production 
performance
1
. The conventional breeding programmes 
require long period and significant cost to improve a 
particular trait. With rapid developments in DNA based 
technologies, which include polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) 
and microsatellites markers technique proved successful 
in identifying polymorphism at DNA level regardless of 
sex, age and physiological status of animal in a 
population, which will be helpful for selecting superior 
animals with preferred genotypes for enhancing the 
production. The performance traits such as growth, milk 
production and reproduction traits are typically 
quantitative characteristics controlled by a number of 
genes. Since these performance traits are economically 
important, special attention needs to be focused on 
studying the genes having important role in growth 
along with production and reproduction. Till date a large 
number of candidate genes have been reported among 
which leptin has been found to be critical for growth, 
reproduction as well as production traits. 
Leptin (LEP) is a proteinous hormone produced 
primarily by white adipose tissue and involved in 
regulation of feed intake, energy expenditure, growth, 
body composition, immunity and reproduction
2
. In 
growing dairy heifers, leptin was shown to play a role in 
the initiation of puberty
3
. During early post-partum 
period, its concentrations were found to be positively 
correlated with pulsatile luteinizing hormone (LH) 
secretion and timing of the first ovulation after calving
4
. 
In cattle, leptin was shown to affect directly the ovarian 
steroidogenesis
5-6
. Genes encoding leptin is reported to 
be located in bovine chromosomes 4
7-8
 and several 
polymorphisms have been explored
9-11
 in dairy cattle. 
However, no combine association study including 
growth, fertility and milk production traits has been 
reported with genetic polymorphism of LEP gene. 
The present research work on Sahiwal cows was 
undertaken with the aim to explore the DNA 
polymorphism in the LEP gene using PCR-RFLP 
analysis and evaluate the possible association of 
polymorphisms with growth, fertility and milk 
production traits. 
Materials and Methods 
Samples and Traits 
DNA samples were isolated from blood collected 
from one hundred and three Sahiwal cows of Indian 








Research Complex, ICAR- National Dairy Research 
Institute, India under the same management regimen 
which have completed their first lactation. The 
different traits considered for association analysis 
included viz. body weight at different age i.e. birth, 6 
months (6 M), 12 months (12 M), 18 months (18 M), 
24 months (24 M), 30 months (30 M), weight at first 
service (WFS), weight at first calving (WFC), 
reproduction i.e. age at first service (AFS), age at first 
calving (AFC), first service period (FSP), first calving 
interval (FCI) and first lactation production traits i.e. 
first lactation 305 day or less milk yield 
(FL305DMY), first lactation total milk yield 
(FLTMY), first lactation length (FLL), first lactation 
305 day or less fat yield (FL305DFY), first lactation 
305 day or less SNF yield (FL305DSNFY).  
 
DNA Extraction and Genotyping of Animal 
The DNA was extracted from blood samples by 
commercially available kit {Genomic DNA 
Purification Kit (Cat.#A1620, Promega)}. The PCR-
RFLP technique was used to screen the DNA 
polymorphisms. Four regions comprising intron 2 
(422 bp), exon 2 (94 bp) and two regions of exon 3 
(331 and 317 bp) of leptin gene were amplified. 
Amplification of the desired fragments was performed 
with reported primer pairs (Table 1)
12-14
. The reaction 
mixture contained 100 ng of genomic DNA, 30 pM of 
each primer, 12.5 µl Go Taq green master mix 2x 
(Promega) and nuclease-free water to a final volume 
of 25 µl. Thermal cycling conditions were included an 
initial denaturation for 5 min at 95ºC followed by  
32 cycles of 95ºC (30 s), variable annealing 
temperature (30 s) and 72°C (30 s) ending with a final 
extension for 10 min at 72ºC.  
The PCR products were confirmed by 1.5% 
agarose gel electrophoresis and visualized under gel 
documentation system. The restriction digestion was 
carried out in a final volume of 20 μl reaction. For the 
RFLP technique 10 µl of the PCR products of each 
sample was digested with specific restriction enzymes 
at different temperatures (Table 1). The restriction 
fragments were resolved in 2.5-3.5% agarose gel and 
visualized in gel documentation system. The 
genotyping was done on the basis of the restriction 




Genotypic and Allelic Frequencies 
Genotypic frequencies for variant genotypes were 




No. of  animals with specific AA,  AB and BB  genotype
Total number of  animals

 
Allelic frequencies were calculated as follows: 
Allelic frequency of A = AA + ½ AB 
Allelic frequency of B = BB + ½ AB 
Where, 
AA and BB = Genotypic frequency of homozygote 
AB = Genotypic frequency of heterozygote 
A and B = Allelic frequencies 
Least squares analysis of variance was carried out 
for non-orthogonal data using the technique described 
by Harvey (1990)
15
 to study effect of non-genetic 
factors like season and period. The model was used 
with assumptions that different components being 




Association of the animal genotypes with growth, 
reproduction and milk production traits were 
determined by analyses of quantitative traits. 
Statistical analysis was carried out using SAS 
Enterprise Guide 4.2 software (SAS Institute Inc. 
2009)
16
, and significance of differences based on 
genotypes effect of growth, reproduction and 
production traits were tested by following general 
linear models:  
 
Yij = µ + Gi + eij 
 
Where, Yij is the trait value of j
th
 animal of i
th
 
genotype,  is the overall mean, Gi is the effect of i
th
 
genotypes and eij is the residual error NID (0, σ
2
e). 
Table 1 — Primer sequences used in PCR, product size and restriction enzymes for leptin gene 
Regions Primers sequences TA (ºC) Size REs References 
Intron 2 F: 5’-TGGAGTGGCTTGTTATTTTCTTCT-3’ 
R: 5’-GTCCCCGCTTCTGGCTACCTAACT-3’ 
58.7 422 bp Sau3AI Liefers et al. (2002) 
Exon 2 F: 5’-ATGCGCTGTGGACCCCTGTATC-3’ 
R: 5’-TGGTGTCATCCTGGACCTTCC-3’ 
61 94 bp Kpn2I Buchanan et al. (2002) 
Exon 3 F: 5’ GGGAAGGGCAGAAAGATAG-3’ 
R: 5’ TGGCAGACTGTTGAGGATC-3’ 
55 331 bp HphI Lagonigro et al. (2003) 
Exon 3 F: 5’ CAAGATGGACCAGACATTCG-3’ 
R: 5’CTGGACTTTGGGAAGAGAGG-3’ 
56 317 bp NruI Buchanan et al. (2002) 






Genetic Variability in LEP Gene 
PCR - RFLP method was performed to identify the 
polymorphism at 422 bp fragment from intron 2 of 
leptin gene. PCR product for each sample was 
digested with Sau3AI overnight which resulted in 
three genotypes with different fragment sizes i.e. 390 
and 32 bp as TT genotype, 390, 302, 88 and 32 bp as 
TC genotype and 302, 88, and 32 bp as CC genotype 
(Fig. 1a). Three genotypes, TT, TC and CC were 
distinct that had the frequencies of 0.61, 0.36 and 
0.03, respectively in the population under study. The 
allelic frequencies for T and C were 0.79 and 0.21, 
respectively. With regards to restriction enzyme (RE) 
digestion of 94 bp fragment (exon 2) by Kpn2I, only 
one type of genotype (CT) was observed comprising 
of three fragments, 94, 75 and 19 bp in all Sahiwal 
cows reflected monomorphic pattern (Fig. 1b). This 
might be due to the fact that selection has been going 
on in the population. Restriction enzyme HphI was 
used for digestion of 331 bp fragment from exon 3 
which resulted only one fragment of 331 bp (CC 
genotype) resulting in monomorphic pattern (Fig. 1c) 
suggesting that continuous selection has been 
practiced in the population resulting into fixing of 
allele C in the population. An another region 
involving the 317 bp fragment of exon 3 resulted into 
two NruI digestion patterns as shown in (Fig. 1d), an 
intact 317 bp fragment as TT genotype, and 317, 297 
and 20 bp as CT genotype. These two distinct 
genotypes had the frequencies of 0.43 and 0.57 in TT 
and CT respectively. The allelic frequencies for C and 
T were 0.71 and 0.29, respectively. For these 
identified nucleotide variations, positions were 
T93262901C (intron 2) and C93263979T (exon 3). 
 
Association of Leptin Gene Polymorphisms with Economic 
Traits 
Significant associations between SNP with growth, 
fertility and milk production traits are summarized in 
Table 2, 3 and 4. 
 
Growth Trait 
The association of LEP SNP T93262901C with 
various growth traits showed a significant relationship 
with WFS (P≤0.01) and WFC (P≤0.05) (Table 2). 
Animals with a homozygote CC genotype significantly 
attained higher body weight at first service 
(318.77±25.88 kg) and first calving (392.87±28.11 kg) 
than the TT genotype (274.94±5.29 kg and 
340.43±5.74 kg), whereas animals with heterozygote 
genotype had intermediate body weight at first service 
(301.84±8.06 kg) and first calving (364.29±8.76 kg). 
The polymorphism had no impact on other  
growth traits at different age viz. birth, 6, 12, 18, 24 
and 30 months. Trends of association were also 
 
 
Fig. 1 — PCR-RFLP profile of 422 bp fragment (a) Lane 1: CC 
Genotype (302, 88 and 32 bp), Lane 2, 4, 5, 6, 10, 11, 12, 14, 17 
and 18: TC Genotype (390, 302, 88 and 32 bp), Lane 3, 7, 8, 9, 
13, 15 and 16: TT Genotype (390 and 32 bp); 94 bp fragment (b) 
Lane 1 - 18: CT Genotype (94, 75 and 19 bp); 331 bp fragment (c) 
Lane 1 - 17: CC Genotype (331 bp) and 317 bp fragment (d) Lane 
1, 2, 4, 7, 10, 11 and 12: TT Genotype (317 bp), Lane 3, 5, 6, 8 
and 9: CT Genotype (317, 297 and 20 bp). M1 and M2: 100 bp 
and 50 bp DNA ladder. 
 




observed between LEP SNP C93263979T and  
30 months   body   weight.   The   SNP   C93263979T  
corresponded to two genotypes among which CT 
genotype attained significantly higher (P≤0.01) 
weight at 30 months (291.63±4.18 kg) than TT 
genotype (271.64±4.84 kg). 
 
Reproduction Trait 
Association study revealed significant influence of 
LEP SNP T93262901C with first service period and 
first calving interval (P ≤ 0.05) (Table 3). Animals 
with TT and TC genotypes resulted significantly 
shorter FSP (190.93±25.64 and 210.24±39.11days) 
and FCI (474.32±25.85 and 486.35±39.43 days) than 
the CC genotype (357.04±25.53 days FSP and 
557.65±26.56 days FCI). Though animals with 
heterozygote genotype had longer FSP and FCI than 
TT genotype, it was not significantly different. The 
polymorphism had no impact on AFS and AFC. 
Another identified LEP SNP C93263979T showed 
significant association (P≤0.05) with age at first 
service and age first calving. Animals with CT 
genotype had shorter age at fist service (909.98±21.90 
days) and age at first calving (1197.71±21.96 days) 
when compared with TT genotype (984.80±25.36 
days AFS and 1272.18±25.42 days AFC). This 
polymorphism had no association with first service 
period and first calving interval.  
 
First Lactation Production Traits 
The association of LEP gene with various first 
lactation production traits is presented in Table 4. The 
LEP SNP T93262901C was found to be associated 
significantly (P≤0.05) with FL305DMY. Animals 
Table 2 — Means of the least squares for various growth traits in relation to leptin genotypes obtained in Sahiwal cows 
Growth traits T93262901C C93263979T 
TT (63) TC (37) CC (3) P-value TT (44) CT (59) P-value 
Birth weight (wt) 19.00 ± 0.36 19.83 ± 0.56 19.30 ± 1.79 0.374 18.77a ± 0.34 19.73b ± 0.29 0.034 
6 month wt 70.83 ± 2.13 78.03 ± 3.26 80.88 ± 10.45 0.087 69.93 ± 2.03 73.68 ± 1.75 0.166 
12 month wt 115.46 ± 3.19 122.81 ± 4.86 129.77 ± 15.62 0.267 118.73 ± 3.02 115.59 ± 2.61 0.435 
18 month wt 185.07 ± 4.29 192.88 ± 6.55 163.16 ± 21.02 0.321 180.20 ± 4.20 187.51 ± 3.62 0.191 
24 month wt 232.03 ± 4.71 246.19 ± 7.19 231.45 ± 23.08 0.184 229.68 ± 4.47 238.92 ± 3.86 0.121 
30 month wt 279.92 ± 5.25 294.68 ± 8.00 283.27 ± 25.68 0.226 271.64a ± 4.84 291.63b ± 4.18 0.002 
WFS 274.94a ± 5.29 301.84ab ± 8.06 318.77b ± 25.88 0.003 282.32 ± 5.29 285.27 ± 4.56 0.673 
WFC 340.43a ± 5.74 364.29ab ± 8.76 392.87b ± 28.11 0.012 352.27 ± 5.69 353.00 ± 4.91 0.923 
WFS = weight at first service, WFC = weight at first calving, a, b dissimilar superscript indicates significant difference 
 
Table 3 — Means of the least squares for different reproduction traits in relation to leptin genotypes obtained in Sahiwal cows 
Reproduction traits T93262901C C93263979T 
TT (63) TC (37) CC (3) P-value TT (44) CT (59) P-value 
AFS 919.22 ± 27.59 958.89 ± 42.09 1051.69 ± 135.08 0.458 984.80 ± 25.36 909.98 ± 21.90 0.028 
AFC 1207.00 ± 27.66 1247.38 ± 42.19 1333.121 ± 35.43 0.471 1272.18 ± 25.42 1197.71 ± 21.96 0.029 
FSP 190.93a ± 25.64 210.24a ± 39.11 357.04b ± 25.53 0.023 191.89 ± 24.71 226.80 ± 21.34 0.287 
FCI 474.32a ± 25.85 486.35a ± 39.43 557.65b ± 26.56 0.032 473.82 ± 24.82 512.73 ± 21.43 0.238 
WFS = weight at first service, WFC = weight at first calving, FSP = first service period, FCI = first calving interval, a, b dissimilar 
superscript indicates significant difference 
 





TT (63) TC (37) CC (3) P-value TT (44) CT (59) P-value 
FLTMY 1735.06 ± 155.51 2153.33 ± 137.23 1966.77 ± 161.45 0.251 1947.02 ± 166.20 2054.63 ± 143.52 0.625 
FL305DMY 1589.97a ± 118.51 1986.65c ± 180.26 1911.64b ± 180.78 0.045 1750.48 ± 127.47 1866.66 ± 110.08 0.492 
FLL 290.19 ± 15.78 310.66 ± 24.07 255.71 ± 27.26 0.188 298.55 ± 16.54 305.95 ± 14.28 0.735 
FL305DFY 72.04 ± 5.37 85.73 ± 8.20 93.94 ± 16.30 0.228 78.86 ± 5.70 84.20 ± 4.92 0.48 
FL305DSNFYY 145.13 ± 11.93 167.39 ± 18.20 187.15 ± 18.41 0.425 158.45 ± 12.15 170.49 ± 10.49 0.455 
FLTMY = first lactation total milk yield, FL305DMY = first lactation 305 day milk yield, FLL = first lactation length, FL305DFY = first 
lactation 305 days fat yield, FL305DSNFY = first lactation 305 day SNF yield, a, b dissimilar superscript indicates significant difference 
 




with TC genotype had significantly higher 
(1986.65±180.26 kg) FL305DMY than either of  
the homozygotes (1589.97±118.51 kg in TT and 
1911.64±180.78 kg in CC genotype). Though no 
significant association revealed with other first 
lactation production traits, animals with heterozygote 
TC genotype had higher production performance than 
the other two homozygote genotypes. There was no 
significant association found between SNP at position 
C93263979T with first lactation production traits. 
Though no significant association revealed, animals 
with heterozygote TC genotype had higher first 
lactation production traits than the other homozygote 
TT genotype.  
 
Discussion 
The present study revealed one SNP at position 
T93262901C comprising intron 2 of leptin gene by 
using PCR-RFLP method and it was corresponded to 
three genotypes. These findings comply with the 
results of earlier studies carried out by various 
workers in different breeds of cattle
17-18
 that observed 
three genotypes. On the contrary Moussavi et al 
(2006)
19
 could not find the CC genotype. Two 
genotypes, TT and TC were distinguished that had the 
frequencies of 0.89 and 0.11 respectively. The PCR-
RFLP digestion of 94 bp fragment of exon 2 by Kpn2I 
revealed only one type of genotype (CT) in all the 
Sahiwal cows in the present investigation. In contrast, 
Konfortov et al (1999), Buchanan et al (2002) and 
Singh et al (2013)
20
 reported a cytosine (C) to 
thymine (T) substitution (C - T substitution) in exon 2 
of the leptin gene of Bos taurus and its crossbreds. 
Another restriction enzyme HphI was used for 
digestion of 331 bp fragment of exon 3 which resulted 
only one fragment of 331 bp (CC genotype) indicating 
monomorphic pattern. In contrast Lagonigro et al 
(2003) and Singh et al (2013) identified three 
genotypes which were CC (331 bp fragments), CT 
(331, 311 and 20 bp fragments) and TT (311 and 20 bp 
fragments). PCR product of 317 bp fragment 
comprising exon 3 of leptin gene was digested NruI 
and observed two digestion patterns resulting in two 
genotypes, TT and CT. However, in Golpayegani, 
Hariana, Sahiwal, Gir and Nimari cattle TT genotypes 
could not be detected
21-22
. In contrast Ali et al (2010)
23
 
and Singh et al (2013) reported three genotypes.  
Association study of the leptin gene 
polymorphisms showed significant relationship with 
different economic traits in Sahiwal cattle. The 
identified SNPs at position T93262901C and 
C93263979T were found to be significantly 
associated with different growth traits viz. weight at 
30 months, first service and calving. The present work 
revealed significant association of SNP T93262901C 
with first service period and calving interval where 
animals with TT and TC genotypes showed 
significantly shorter FSP and FCI than the CC 
genotype. In contrast, heterozygous cows had been 
reported to be better in reproductive performance than 
the homozygous cows with respect to days to first 
breeding (DFB), days open (DO) and days from first 
breeding to conception (DFBC) using previous 
lactation records. The polymorphism had no impact 
on AFS and AFC. The SNP observed at position 
C93263979T showed significant association with age 
at first service and calving. Significant association of 
SNP C93263979T with AFS and AFC was also 
reported by Singh et al (2013). Contrary to the results, 
different workers
24
 observed non significant 
association in reproduction traits. 
The identified leptin gene polymorphism was 
found to be significantly associated with various first 
lactation production traits. The SNP T93262901C had 
significant influence on FL305DMY in which animals 
with TC genotype had significantly higher 
FL305DMY than either of the homozygotes. Findings 
of the current investigation agree with the study 
conducted by Kiyici et al (2019) who reported better 
305 day milk yield in heterozygote genotype than  
the homozygote genotypes. On the other hand 
associations between this Sau3AI polymorphism 
could not be established with production traits in 
Polish cattle
25
. However, SNP T93262901C had been 
reported to be associated significantly with fat and 
protein content in the Polish black and white cattle
26
. 
Similarly this SNP was also found to be associated 
with milk, protein and fat yield (P ≤ 0.05). Another 
SNP C93263979T showed non significant association 
with first lactation production traits and this finding is 
in confirmation with different studies conducted by 
various workers (Liefers et al. 2002, Madeja et al. 
2004, Singh et al. 2013). On the contrary, many of the 
researchers could establish a significant association 




In conclusion, leptin polymorphisms were found to 
be associated with different growth, reproduction and 
first lactation production traits. Heterozygote 
pertaining to SNPs T93262901C and C93263979T of 




LEP gene tended to have better production 
performance than the other genotype while showed 
optimum performance in growth and reproduction. 
Therefore, in breeding programme selection of 
animals with heterozygote genotype may be 
favourable for improving different economic traits in 
Sahiwal cattle. However, further studies are required 
to partition genetic variance into component variance 
such as dominance variance, permanent environmental 
variance and maternal variance and also with proper 
validation in larger population. 
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